D = 100 nm thick silicon rod with mass M and moment of inertia Θ = M L 2 /12, which rotates in the plane perpendicular to the cavity z-axis. In this case the rod can be treated as a sub-wavelength particle at position z(t), and its orientation with respect to the eld polarization x-axis is described by n = (cos φ(t), sin φ(t), 0). Given a constant intra-cavity eld amplitude E 0 , the rod's motion is governed by the following classical equations of motion:z
with ω 0 the cavity waist, v x the vertical velocity of the rod, and α ,⊥ the polarizability components, as given in the main text. Particle trajectories that do not pass through the cavity center, but slightly o-axis, can be accounted for by decreasing the eld amplitude E 0 below the cavity value 4I C /cε 0 . The corresponding scattering intensity is obtained by evaluating the expression given in the Methods section along the simulated trajectory. Since the scattering signal is here proportional to S N ∝ cos 2 (kz) exp (−2v 2
x t 2 /ω 2 0 ), the center-ofmass trajectory of a freely rotating rod can be reconstructed from the measured scattering signal by averaging over the fast rotation period.
We ensure that we capture the full transit through the cavity mode by carrying out each simulation over the time interval between ±10ω 0 /v x . In order to compare this to the measured data, the scattering signal must be normalized, and the time oset of the simulation must be adjusted, accordingly. 
